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Mercury porosimetry of clastic sedimentary rocks should be carried out on sample lumps
of the following minimum dimensions: claystones to siltstones 7 mm, finegrained sandstones
8 mm, coarse-grained sandstones and conglomerates 10 mm and more (in dependence on the
size of clastic grains). If the recommended sample sizes are not adhered to, rock artefacts are
in fact analyzed. The pore volume distribution curves established on Carlo Erba and Micro-
meritics mercury porosimeters can be well unified on considering the respective differences
in design.

1. INTRODUCTION

Cohesive clastic sedimentary rocks are a subject of study in a number of tech-
nological and scientific fields such as engineering geology, building construction,
mining and hydrogeology. The base of these materials is formed by particles or
minerals and rocks with sand or dust fraction sizes (clastics). The space between
these particles is packed with a clayey substance. During the subsequent diagene-
tical changes the system is cemented together and reinforced with newly formed
minerals (carbonates, quartz). The development of the rock is also associated with
a simultaneous development of its internal pore structure [2].

The developed pore structure of rocks is most conveniently studied by the me-
thod of mercury porosimetry [3] which is capable of determining and distinguish-
ing pores ranging from those visible with the naked eye to pores and cracks with
sizes corresponding to a small multiple of molecular dimensions, and this all by
a single measurement. Mercury porosimetry has become a standard method of pore
analysis of current technical materials [4] including rock samples [S].

Routine porosimetric determinations of clastic sedimentary rocks tend to yield
quite incomparable results in different laboratories. This is not only due to the
considerable heterogeneity of the materials in question, but also to the fact that the
specific characteristics of these natural materials are not always fully respected in
the course of sample preparation. The present contribution has the aim to elucidate
the primary methodical and instrumental effects which influence the determina-
tion of pore characteristics of clastic sedimentary rocks by the method of mercury
porosimetry.

2. EXPERIMENTAL
2.1. Description and preparation of samples
The particle size of the material in question is the elementary problem in pore

analysis of clastic sedimentary rocks. The sample should provide a representative
description of the pore structure, as well as ensure a reproducible measuring result.
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The porosimeters currently employed (Chapter 2.3) have dilatometers of cylin-
drical shape with a neck diameter of 10 to 25 mm. In an ideal case, the sample could
be prepared by drilling a rock cylinder having the dimensions of the dilatometer,
or cutting suitable plates (cubes) to suitable size. In actual practice, however, this
way of sample preparation influences significantly the properties of the rock and
frequently damages its original structure. Best results have therefore been obtained
by preparing the sample by carefully breaking off lumps of suitable size. The piece
placed in the dilatometer should be several times larger than the mean size of the
clastic mineral. If the original configuration of the clastic grains and the cementing
matter has not been retained, a rock artefact is actually analyzed.

The problems are particularly significant in the case of rocks composed of mine-
ral particles of sand to nugget sizes, i.e. in that of sandstones and conglomerates.
Samples of clastic sedimentary rocks from two black coal basins, differing in their
degree and intensity of diagenesis, were therefore taken for the experiments (Table
I). According to experience, Carboniferous rocks are suitable models for studying

Table 1
Sample Petrographic M

designition tfpep CMA [mrﬁ] [Z]
1A conglomerate kaol. ill. 2 1.51
2A coarse-grained sandstone kaol. ill. 1.4+0.6 273
3A medium-gr. sandstone kaol. ill. 0.8+0.5 3.01
4A fine-grained sandstone kaol. ill. 0.5+0.2 1.86
SA claystone kaol.+ill.+IM - -
1B conglomerate ill.  kaol. 2 1.28
2B coarse-grained sandstone ill.  kaol. 0.8+0.3 1.43
3B medium-gr. sandstone ill.  kaol. 0.5+0.2 1.83
4B fine-grained sandstone ill. kaol. 0.240.1 3.20
SB claystone ill.  kaol. chl. - -

Sample designation: series A — Slany Basin, Nyfany strata;
series B — Czechoslovak part of the Upper Silesian Basin;
the Karvind group of strata, saddle strata
CMA - association of clay minerals (kaol. — kaolinite, ill. — illite 10 &, chl. - chlorite,
IM — mixed structure of illite — montmorillonite)
R - difference in the values of ignition loss and CO2 bound in carbonates

the pore structure of natural rocks as they allow a wide scale of factors typical for
clastic sedimentary rocks to be demonstrated [2].
The following partial specimens were carefully prepared from the basic ma-

terial (dia. 46 mm and 92 mm drill cores):
— a set of three cut platelets 10x 14x 15 mm in size
— crushed grain fraction 5.6-8.0 mm,
— crushed grain fraction 3.15-5.6 mm,
— crushed grain fraction 2.0-3.15 mm.

Before the measurement proper, the grains were X-rayed and all those showing
internal defects were eliminated. Following the porosimetry, the specimens we-
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re X-rayed again to establish possible damage to the internal structure. No such
damage could be proved owing to the platelet thickness involved (5 mm).

2.2. Desiccation and evacuation of the samples

The samples were dried to a constant weight at 105° C and evacuated down to
a residual pressure of less than 1 kPa [6].

The water bound freely in clastic rocks containing current associations of clay
minerals (kaolinite and illite) is liberated up to 150°-170° C and the process does
not involve any significant changes in volume [7]. However, in the case of rocks
containing smectites or type illite-montmorillonite mixed structures in amounts ex-
ceeding 30 %, dehydration brings about considerable shrinkage which, in spite of
the clay particles’ cementing effect, may result in secondary porosity, revealed by
an increase in the pore volume over the radius range exceeding 4 um (Fig. 2b, 3 in
ref. [8]).

At temperatures much higher than 100° C the coal matter, normally dispersed
throughout the rock samples, becomes thermally degraded. Desiccation of the ma-
terial at 105° C, followed by evacuation, can therefore be regarded as a considerate
way of preparing the samples for porosimetric analysis.

2.3. Porosimetric analysis

The samples were analyzed at the same time on the 2000 Series Porosimeter
using the Macropore 120 unit (Carlo Erba Strumentazione, Italy) and the Pore
Sizer 9310 apparatus (Micromeritics Instruments Corporation, USA).

A study of the effect of the rate of pressure rise in the porosimeter on the results
of analyses showed that in the case of rock samples, the total time of automa-
tic high-pressure mercury intrusion should be at least 3045 minutes. Only then
the porosimetric curves obtained are smooth and do not show any defects due to
non-uniform penetration of mercury into the sample. At higher rates of mercury
intrusion, it is also impossible to determine the fine differences at the three po-
re volume differential distribution peaks whose intensity and position is of main
interest in the interpretation of the porosimetric analyses of rocks [2].

The MICROSTRUCTURE program of the Porosimeter 2000 apparatus controls
automatically the pressure increase at intrusion rates 2 to 3, so as to keep the
decrease of mercury volume in the subsequent step at a suitably low level (the
so-called intelligent step-wise mode).

On the Pore Sizer apparatus, 35 pairs of pressure and volume data were recorded
over the 0.1 MPa—207 MPa interval with a dwelling period of 40 seconds at each
step. On the average, 10 values of mercury penetration were obtained over the
low-pressure range of 0.6 kPa—150 kPa.

The measuring results were converted in a standard way to the following condi-
tions: wetting angle theta = 130 deg., surface tension of mercury = 0.485 N/m, the
cylilndrical pore shape model, the mercury compressibility correction of 1x101!
Pa™t.
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3. RESULTS AND DISCUSSION

3.1. The effect of sample dimensions on the total pore
volume established by mercury porosimetry

As indicated by the results plotted in Figs. 1 and 2, the shape of the dependen-
ce of total pore volume (determined by mercury porosimetry) on sample size is
characteristic of the given petrographic type of the rock.

Conglomerates from both coal basins exhibit high values of total pore volume in
the case of cut platelets, because the macrostructure of the bulk rock is comparati-
vely well preserved by this way of sample preparation. Breaking up and crushing
bring about an increase in the content of clastic particles and the total pore volume
determined in the samples decreases (Fig. 1).

0 ] 1 Il 1
70 80 90 100

Vp (%]

Fig. 1. The effect of sample size on the total volume of pores determined by mercury porosimetry.
Conglomerate 1B, V, (100 %) = 24.0 mm°/g, Pore Sizer 9310.

There is a different trend in the case of sandstones and claystones (Fig. 2). High-
er total pore volume values are shown by smaller samples obtained by breaking
up the rock. The higher total pore volume is due to a higher representation of
agglomerates of clastic grains, joined by the base material, and to an increase in
interparticle porosity in the dilatometer [9].

The dimensions given in Fig. Al in the Annex can be recommended as the
minimum sample lump sizes to be employed in porosimetric analyses of clastic
sedimentary rocks.
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Fig. 2. The effect of sample size on the total volume of pores determined bg mercury porosimetry.
Medium-grained sandstone 3A, V,, (100 %) = 35.5 mm~/g,
t—— — Pore Sizer 9310, —— — Porosimeter 2000 a Macropore 120.

3.2. The effect of sample size on pore volume
distribution

The breaking up of rock specimens affects not only the total pore volume value,
but also the pore volume distribution.

As described in detail in ref. [2], the pore distribution curves of Carboniferous
sedimentary rocks can be divided into three size categories, and the pore volumes
in the categories, related to the total pore volume in the sample, can be expressed
by means of percentual parameters A, B, C or a, 3, 7. This expressing allows the
pore size distribution curve of each sample to be characterized by a single point in
a triangular diagram whose apexes correspond to 100 % representation of the pore
volume in the individual size categories (Figs. 3 and 4).

The projections of pore distribution curves of samples studied within the frame-
work of the present work indicate the possible dispersion of results due to different
sample sizes:

With claystones to sandstones, the decreasing sample size brings about a gradual
increase in the content of category A or o pores. This fact indicates beginning
formation of an artefact structure with a growing proportion of large-size pores
(Fig. 4).

In the case of conglomerates, the shift of projection points in the triangular dia-
grams shows the opposite trend. With these samples, decreasing sample size re-
sults in a gradually prevailing influence of the pore system of the clastic grains
with adhering minerals of the basic matrix (Fig. 3).
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Fig. 3. Diagram of pore volume distribution in A, B, C categories. Conglomerate 1B.
Pore Sizer 9310. A - share of pores with r > 0.5 um in the total pore volume V, (%),
B — share of pores with r = 0.05-0.5 pm in the total pore volume V, (%),

C — share of pores with r < 0.05 pm in the total pore volume V, (%),

The arrow indicates the direction of decrease of the sample size.

Fig. 4. Diagram of pore size distribution in categories a, 3, v. Medium-grained sandstone 3A.
a — share of pores with r > 4 um in the total pore volume V, (%),
B — share of pores with r = 0.1-4 um in the total pore volume V, (%),
v — share of pores with r < 0.1 pm in the total pore volume V, (%),
The arrow indicates the direction of decrease of the sample size.
1 - Pore Sizer 9310, 2 — Porosimeter 2000 with the Macropore 120 unit.
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3.3. Comparability of the results
of measurements on two types of porosimeters

The difference in the results of measurements repeated four to five times on both
types of porosimeters was better than 5 % for total pore volume.

Analyses of rock samples carried out in parallel on the Porosimeter 2000 Series
with the Macropore 120 unit and the Pore Sizer 9310 apparatus indicate that the
total pore volumes for most of the samples were on the average smaller by 10 %
with the former apparatus (Fig. 2).

This difference, which manifests itself by pore distribution primarily at the ex-
pense of pores with diameters exceeding 4 pm (Fig. 4), is due to the different
designs of the low-pressure units of the porosimeters. During routine analyses on
the Macropore 120 device, the vertical elevation of the mercury column in the
capillary of the dilatometer allows only pores with equivalent radii smaller than
about 50 pym to be determined. On the other hand, the horizontal mercury supply
technique employed in Pore Sizer 9310 permits the analysis to be started with pore
radii from about 100 pm upwards.

The Carboniferous rocks are materials with a relatively low porosity and an
almost uniform pore distribution curve. The share of volume of pores with radii
ranging from 50 pm to 100 um is relatively significant in these samples (Figs.
5 and 6), and the Pore Sizer 9310 apparatus also appears to be more sensitive
with respect to the sample size (Fig. 2). If the results of analyses carried out by
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Fig. 5. Cumulative pore distribution curve. Medium-grained sandstone 3B.
1 - Pore Sizer 9310, 2 — Porosimeter 2000 with the Macropore 120 uni%
3 — Curve (2) transposed to the level of curve (1), vertical shift by 2.3 mm=/g
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Fig. 6. Cumulative pore distribution curve. Medium-grained sandstone 3A.
1 — Pore Sizer 9310, 2 — Porosimeter 2000 with the Macropore 120 unit
3 — Curve (2) transposed to the level of curve (1), vertical shift by 1.4 mm°/g.

the two types of instruments are to be interpreted at the same time, the results
obtained from Pore Sizer 9310 have to be corrected for the volume of pores with
radii exceeding 50 pm.

4. CONCLUSIONS

Because of a low porosity and a wide pore size distribution in clastic sedimen-
tary rocks, the porometric analysis of their samples by mercury porosimetry is
very sensitive to the measuring conditions employed. In joint evaluations of poro-
sity measurements carried out in various laboratories one has to take into account
a number of informations on the actual conditions of the respective measurements.
Comparisons should be made only of samples analyzed with the use of a unified
optimized procedure. A proposal of a method of sample taking, preparation and the
porosimetric analysis proper of clastic seimentary rocks is presented in the Annex.

ANNEX

Proposal of a standardized method for porosimetric
analysis of clastic sedimentary rocks

1. Sampling
Samples of rocks for porosimetric analysis should be supplied in lumps appro-

ximately 10x10x15 cm in size. Drill core lumps can also be used. The sample
for analysis should not have a dimension smaller than 2 cm. Maximum attention
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should be paid to the representativeness of the sample taken (sediment texture and
structure).

The sample taken should be placed in a polythene bag and well sealed. Samples
in such packaging should be delivered to the laboratory.

2. Sample preparation for porosimetric analysis

Before the analysis proper, break the rock lumps carefully into pieces with sizes
smaller than the opening of the mercury dilatometer (usually 11-24 mm). The mi-
nimum size of the rock pieces to be used in porosimetric analysis should depend
on the petrographic type of the rock. Fig. Al shows the recommended minimum
dimensions of specimens for the basic types of clastic sedimentary rocks.

The specimens intended for porosimetric analysis should be dried at 105° C to
a constant weight. The weight of the sample should allow the sensitivity of the
apparatus to be utilized in an optimum way. In the low-pressure section of the
porosimeter, the material should be evacuated until the pressure falls permanently
below 1 kPa.

0.01 0.1 1.0 10
]
45
dmin 6!
[mm] - ) 10
C 9
D 8
E7 7
F 7
G4 7
T T T T T T T
0.004 0.016 0.063 0.25 05 20 15
Mg [mm]

Fig. Al. Minimum sizes of samples for mercury porosimetry of clastic sedimentary rocks.
d — recommended minimum sample size, My — mean size of clastic grains,
A — conglomerates, B — coarse-grained sandstone, C — medium-grained sandstone,
D — fine-grained sandstone, E — coarse-grained siltstone, F — fine grained siltstone, G — claystones.

3. Porosimetric analysis and evaluation of the result

The porosimetric analysis should be carried out strictly according to the instruc-
tions for use of the respective porosimeter.

The rate of increasing the pressure in the high-pressure unit should be program-
med in such a way that the intrusion stage of the high-pressure analysis proceed
uniformly for at least 30 minutes.
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The basic output of the measurement is given by pore size distribution curves in
both cumulative and differential form, and a set of the following porosity characte-
ristics determined by mercury porosimetry: total volume of pores, specific surface
area, apparent density, effective porosity, and possibly also the A, B, C and o, £,
~ parameters (see Figs. 3 and 4).

The type of the porosimeter employed and the range of the maximum and mi-
nimum pressure attained during the measurement, the pore shape model, the value
of mercury surface tension and that of the contact angle employed should always
be specified together with the results obtained. If the precise value of the contact
angle of mercury on the sample is unknown, use should be made of the value
© = 141.3°, which is close to the mean contact angles of mercury with respect to
quartz, kaolinite and illite [10]. It is advisable to correct the results in a standard
way for the compressibility of mercury (blank experiment).

4. Associated analytical and petrographical analyses

In order to interpret correctly the results of porosimetric analyses, additional
determinations should be made on the rock sample:

a) petrographic description of the rock (analysis of the composition and grain
sizes of its minerals, identification of minerals in the matrix and the cement, de-
termination of the type and content of the dispersed coal matter),

b) determination of the ignition loss (CSN 72 0103),

c) determination of free water content (CSN 72 0104),

d) determination of carbon dioxide bound in carbonates (CSN 72 0121)!
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METODIKA RTUTOVE POROMETRIE KLASTICKYCH SEDIMENTARN{CH HORNIN
Petr Kol4f, Petr Martinec, Petr Ben$*

Védeckovyzkumny uhelny astav, Pikartskd 7, 716 07 Ostrava-Radvanice
*Diilni priizkum a bezpecnost, 739 21 Paskov

K ziskéani spravnych vysledkd pfi rtutové pérometrii sedimentadrnich hornin tvofenych pis¢itymi a pra-
chovitymi zrny s jemnou vyplni €4sticemi jild a tmeld je zapotfebi, aby vzorky pouZité k méfeni mély
zachovanou konfiguraci zrn a mezemni hmoty v objemu horniny. Pro studium vlivu velikosti vzorku
na pérové charakteristiky byly pouZity sedimentdmi horniny karbonského stédfi. Na téchto materidlech
bylo mozZno reprezentativné ukdzat, jak minerdlni sloZeni a textura horniny miZe ovlivnit vysledky
pérometrickych méfeni (typické pfiklady jsou uvedeny na obr. 1-4).

Soucdsti prace je ndvrh metodického postupu pro odbér, pfipravu vzorki a vyhodnoceni vysledki
pérometrickych méfeni. Doporu¢ené minimdlni velikosti vzorku pro hlavni petrografické typy klastic-
kych hornin jsou uvedeny na obr. Al. Metodika je vhodna pro viechny druhy klastickych sedimentd
s riznym stupném diageneze a stafi.

Reprodukovatelnost stanoveni pérovych charakteristik sedimentdrnich hornin byla sledovéna na dvou
béZné rozsitenych pérometrech — Porosimeter 2000 s jednotkou Macropore 120 (Carlo Erba, Itilie)
a Pore Sizer 9310 (Micromeritics, USA). Je uké4zéno, Ze odli§ny zpisob plnéni dilatomenrd rtuti u obou
ptistroji miZe pfi rutinnich analyzdch zpisobit ngkolikandsobné vy33i rozdil vysledkid neZ je rozptyl
opakovaného méfeni.

Po uvaZeni tohoto vlivu je viak moZno distribu¢ni kfivky péni horninovych vzorkid stanovené na
obou typech pfistroji velmi dobfe sjednotit pouhou objemovou translaci (obr. 5, 6).

Obr. 1. Vliv velikosti vzorku d na celkovy objem péri Vp stanoveny rtufovou pérometrii. Konglomerdat
1B, V, (100 %) = 24,0 mm=/g, Pore Sizer 9310.

Obr. 2. Vliv velikosti vzorku d na celkovy objem poru Vp stanoveny rtufovou pérometrii. Strednozrnny
piskovec 3A, Vp (100 %) = 35,5 mm°lg, —]| — Pore Sizer 9310, —— — Porosimeter 2000
a Macropore 120.

Obr. 3 Diagram distribuce objemu péru v kategoriich A-B—C. Konglomerdt 1B. Pore Sizer 9310. A —
podil objemu péri o polomérech r > 0,5 um na celkovém objemu péri vzorku V, (%), B —
podil objemu pori o polomérech r = 0,05-0,5 um na celkovém objemu pérv vzorku V, (%), C —
podil objemu poru o polomérech r < 0,05 pm na celkovém objemu péru vzorku V, (%), Sipka
zndzorriuje smér poklesu velikosti ulomku.

Obr. 4. Diagram distribuce objemu péru v kategoriich a—pB-~. Stfednozrnny piskovec 3A. a — podil
objemu péru o polomérech r > 4 um na celkovém objemu péri vzorku V, (%), 8 — podil objemu
poru o polomérech r = 0,1-4 um na celkovém objemu pori vzorku V, (%), v — podil objemu
poru o polomérech r < 0,1 um na celkovém objemu péru vzorku V, (%). Sipka znazorriuje smér
poklesu velikosti tilomku. 1 — Pore Sizer 9310, 2 — Porosimeter 2000 s jednotkou Macropore
120.

Obr. 5. Kumulacni distribucni kfivka péru. Stfednozrnny piskovec 3B. 1 — Pore Sizer 9310. 2 — Poro-
simeter 2000 s jednotkou g'lacropore 120. 3 - krivka (2) transponovand na uroveri krivky (1),
vertikdini posun o 2,3 mm®/g.

Obr. 6. Kumulacni distribucni krivka pori. Stfednozrnny piskovec 3A. 1 — Pore Sizer 9310. 2 — Poro-
simeter 2000 s jednotkou g'iacropore 120. 3 - kfivka (2) transponovand na droven krivky (1),
vertikdlni posun o 1,4 mm®|g.

Obr. Al Minimdlni rozméry vzorku pro rtutovou pérometrii klastickych sedimentdrnich hornin. d — do-
porucend minimdlni velikost vzorku, My — stiedni velikost klastickych zrn, A — konglomeraty,
B — hrubozrnny piskovec, C — stfednozrnny piskovec, D — jemnozrnny piskovec, E — hrubozrnny
prachovec, F — jemnozrnny prachovec, G — jilovce.
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METOJUKA PTYTHOM ITOPOMETPUU KITACTUUYECKHNX OCAOYHEIX I[TOPOJT

INerp Konapu, ITerp Mapruren, [Tetp Benur*

Hayuno-uccaedosamenvckuii uncmumym yzas, Iuxapmcka 7, 716 07 Ocmpasa-Paosanuye

* ['opHopyOHas paszeeoka u b6eaonacnocmy, 739 21 Ilackos

[Ins 10J1y4eHUs] TOUYHBIX Pe3yJIbTaTOB C IIOMOLILIO PTYTHOH NOPOMETPUM OCaflo4HbIX IIOPOJ,
06pa3yIolnxcsi ecyaHbIMH U MEJIKO3EMHBIMH 3€PHAaMHU C TOHKHM 3all0JIHEHHEM YaCTHIIAMH HIIOB
U LIeMEeHTa 110Ka3bIBaeTcsl HeOOXOAUMBIM, UTOOB! Y TPo0, NpenHa3HauYeHHbIX AJI1 U3MEPEHHS COX-
paHsisiach KOH(UTypalHs 3epeH B JaHHOM 00'béMe NopoAbl. [111s1 HccilefoBaHHs BIMSIHUS pa3Mepa
NpoOkI Ha TOPUCTBIE XapaKTEPUCTUKHU HCII0JIb30BaJIN OCafOuHbIe IOPOJbl KAPOOHCKOrO BO3pacTa.
Ha paHHBIX MaTepuangax MOXHO OKa3aTeJIbHO J0Ka3aTh, KaKHM 00pa3oM MHHEpaJIbHbIA COCTaB
U TEKCTypa FOpHOIi IOPOAbI MOT'YT OKa3aTh BIUSHUE HA Pe3yJibTaThl IOPOMETPUYECKUX U3MEPE-
HUi (TUNHYHBIE IPUMEPBI NPUBOASTCS Ha puc. 1-4).

CocTaBHO# 4acTbIO pabGOTHI SABJISIETCA NMPETIOXKEHHE METOIUYECKON MHCTPYKIMH 1 0T60pa
1 00paboTKH P06 U OLIEHKa pe3yJIbTaTOB NOPOMETPUYECKUX U3MEPEHUI. PexkoMeHiyeMble MUHH-
MaJlbHble pa3Mepbl P00, OTOMPaEMbIX OCHOBHBIX 11eTPOrpapuyecKux THIIOB KIIACTHYECKHX I10-
pon npuBopsaTcs Ha puc. Al. IlpemnaraemMast Meroguka oKa3biBa€TCsl IPUTOAHON [JIs BCEX BUAOB
KJIACTUYECKUX OCalOYHbIX IIOPOA C pa3HOM CTENEHbIO AMareHe3uca 1 Bo3pacra.

Bocnpou3BonuMocTb yCTaHOBJIEHHUS TOPUCTBIX XapaKTEPUCTHK OCalOYHbIX TIOPOJ UCCIIEOBAIN
MIOCPENICTBOM ABYX HauboJjee 4acTo NpHMeHseMbIx mopoMeTpoB — Porosimeter 2000 ¢ equHunei
Macropore 120 (Carlo Erba, MTanus) u Pore Sizer 9310 (Micromeritics, CIIIA). Bs1io nokasaHo, yto
pas3jIn4HbIN cIOCO0 3al10JIHEHUSI AUIIATOMETPOB y 000MX NPHOOPOB MOXKET IPH PYTHHEPCKHUX aHa-
JIM3aX BbI3BaTh MHOTOKPATHO BhICIIIEE Pa3/UyUe Pe3yJIbTaTOB 110 CPaBHEHHIO C pacCessHuEM I10-
BTOPSIEMOTO H3MEPEHHS.

OpHako yurTUBas IPUBOAUMOE BIIHSTHUE, MOXKHO KPHUBbIE paccesiHus Tpo6 rOpHbIX NOPON, yCTa-
HOBJIEHHbIE NOCPEACTBOM NTPUOOPOB OOOMX THIIOB BECbMa HE3aTPYAHUTENILHO OO'bEAUHUTD TOJIb-
KO 00'beMHOI1 TpaHcisiuueit (puc. 5, 6).

Puc. 1. Bauanue paamepa npobut Ha 06uuii 06vem nop, ycmaro8A€eHHbLIL C NOMOUBLIO DMYMHOI
nopomempuu 1: konzaomepam 1B, V, (100 %) = 24,0 mm’/2, npubop Pore Sizer 9310.

Puc. 2. Bauanue paamepa npo6ut Ha 00uuti 06vem op, ycmaHOBAeHHbLIL C NOMOULIO DMYMHOIL
nopomempuu Il: necuanux co cpednum pasmepom 3epra 3A, V, (100 %) = 35,5 mm/e, Pore
Sizer 9310, Porosimeter 2000 u Macropore 120.

Puc. 3. Huazpamma pacnpedenerusn 06vemos nop 6 kamezopuax A-B—C, konzaomepam 1B, Pore
Sizer 9310, A — 0oaa o6vema nop napamempom r > 0,5 pm Ha obwuii 06vem nop npobwvi
V, (100%), B — 0oaa obwvema nop napamempom r = 0,05 — 0,5 pm Ha obuguii 06vem nop
npoowbL
V, (%), C — 0oaa o6vema nop napamempom r « 0,05 pu Ha obuguii 06vem nop npobut V,
(%); cmpeaka uzobpaxcaem Hanpaeaerue NOHUNEHUA PA3MEPA OCKOAKOB.

Puc. 4. dQuazpamma pacnpedenenus o6vema nop 6 kamezopuax o—P—y, necuanux co cpeorum
pasmepom 3epHa 3A, o — 00aA 06vema hop napamempom r > 4 pm Ha obuuti obvem nop
npo6but V, (%), p — 0oaa o6vema nop napamempon r = 0,1 — 4 um Ha 06uuit 06vem nop
npobut V, (%), y— 0oas obwvema nop napamempom r < 0,1 uum na obuguii o6vem nop npobwt
V, (%); cmpeaxausobpaxaem nanpaesenue nonuxcenus pasmepa ockoaxa, I — Pore Sizer
9310, 2 — Porosimeter 2000 ¢ eduruyeti Macropore 120.

Puc. 5. Kymyaamuenaa kpueasa pacnpedeseHun nop, neCHaHuk co CPeOHUM pazmepom 3epHa
3B, 1 - Pore Sizer 9310, 2 — Porosimeter 2000 ¢ edunuyeti Macropore 120, 3 — kpusas,
nepeneceHHas Ha yposendb kpusoli (1), sepmuranvroe cmeuserue Ha 2,3 mm’/2.

Puc. 6. KymyaamusHan kpusaa pacnpedeserusn nop, NecHaHuk co CpeOHUM Napamempom 3epHa
3A, 1 —Pore Sizer 9310, 2 — Porosimeter 2000 ¢ edunuyeii Macropore 120, 3 — kpueas (2),
nepeneceHHasn Ha yposeHb kpusoli (1), sepmukasvioe cmeujerue Ha 1,4 mu'/e.

Puc. Al. Munumanvhbvie pazmepbl npob, NPeOHAIHAYEHHBIX OA PMYMHOU NOPOMeMPUL KAAC-

muecKkux 0cadouHblx nopoo: d — peKomeHOyemblii MUHUMAAbHBLIL pa3mep npob, M,
— CpedHuUll pa3mep KAACMUNECKUX 3epeH, A — KoHzaomepambl, B — kpynnozeprucmbiii
necuanuk, C — cpeoHe3eprucmulii nectanux, D — meako3eprucmolii necuanuk, E — kpyn-
Ho3epHucmuui  aneespum, F — meaxoseprucmwvlii anespum, G -  ap-
2uanumbL.
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